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Abstract. Phenolic compounds, extractable from grape skins and seeds, have a notable 
influence on the sensorial properties of red wines, especially their chromatic characteristics, bitterness 
and astringency. The phenolic compounds, together with the aroma precursors are the main factors 
that affect wine quality. In this sense, the aim of our work were to (i) establishment the ecoclimatic 
conditions from Dealu Bujorului vineyard 2018 year of culture, and (ii) determination of phenolic 
maturity of the Cabernet Sauvignon, Feteasca neagra, Babeasca neagra, Merlot and Burgund varieties. 
In case of phenolic content, anthocyanin, hue and color intensity differed among vintages, no clear 
trend was evident. The lack of clear relationship between vintages is most likely the product of the 
complex nature of phenol composition and how it is affected by varying climatic conditions between 
seasons, as well as variation amongst the wines in terms of degree of aging.  
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INTRODUCTION 
 
Phenolic substances are bioactive molecules that are involves in some of the most 
relevant wine organoleptic attributes. The appropriate management of the phenolic 
accumulation in the grapes berry, extraction during the skin contact phase as well as the 
evolution during ageing in barrels or bottles will ensure a desired phenolic content and 
composition that will lead to a good quality wine (Aleixandre-Tudó et al., 2017). 
Furthermore, the ability of phenolic molecules to act as antioxidant has placed this group of 
compounds in the spotlight of a considerable amount of research. Phenolic compounds have 
been reported as effective antioxidants and their preventive role against inflammatory, 
cardiovascular and neurodegenerative diseases or even against cancer has been widely 
acknowledged (Aleixandre, 2013). 
These compounds are released from the solid parts of the berries into the must during 
the winemaking process. The contact period refers to the period of time that the must is in 
contact with the skins and seeds and generally coincides with the alcoholic fermentation. 
The absence or presence of the solid parts during the winemaking process will determine the 
phenolic content and composition. In white wine the skin contact period is limited to a 
minimum and the levels of phenolic compounds found in wines are thus lower that in red 
wines (where the fermentation process takes places in the presence of skins and seeds). Due 
to its location in the flesh, hydroxycinnamic acids are therefore the main phenolic 
compounds found in white wines. On the contrary, red wines contain high concentration of 
tannins, anthocyanins and flavonol compounds that are extracted from the solid parts of the 
berries during the skin contact phase (Casassa et al., 2014). 
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Phenolic compounds are important components of wine, especially red wine, and 
they significantly contribute to the antioxidant and sensory properties of wine. The most 
represented group of phenolic compounds in wine are phenolic acids, flavonoids (tannins, 
anthocyanins, flavonols and catechins), stilbenes and lignans (Lea et al., 1979; Waterhouse, 
2002; Jackson, 2008; Bajčan et al., 2013). Several factors affect the concentration of 
phenolic compounds in wine, which include grape variety (genetic variable), origin region 
(environmental conditions, including soil type, climate, solar radiation, altitude) and aging 
(temporal variable) (Monagas et al., 2006). 
Grape berries are rich in phenolic compounds for human diet. Phenolic compounds, 
originated from grape berries, are transformed into wine through the wine fermentation 
process. Phenolic compounds not only contribute to the quality of wine, such as appearance, 
mouth feel and stability of red wines, but also play an important role in antioxidant activity, 
anti-cancer and cardiovascular protection (Katalinić et al., 2010; Kim et al., 2011; Stockham 
et al., 2013; Jiang et al., 2018).  
Phenolic compounds have a great importance in winemaking, because these 
substances take part of the sensorial characteristics and in the transformation that wine 
support. Its properties are determinant in the time evolution of wines and its presence 
establish the different winemaking systems and the technological operations used (Mármol 
et al., 2009). The common and moderate wine consumption produce beneficial effects on 
the cardiovascular morbidity and mortality compared to those that would produce the same 
alcohol quantity but in other beverages (Mármol et al., 2009). The anti-oxidant capacity of 
wine is directly related with its polyphenols content, because these compounds are mostly 
powerful antioxidants by its chemical structure (H+ or electrons donor) need for cells 
functioning (Mármol et al., 2009).  
In the white wines making, there is usually darkening and oxidation problems that 
affect the product quality, by altering colour, taste and aroma. In fact, few months are enough 
for pale yellow colour of a white wine just made evolves to intense gold tonalities or even 
brown, typical of oxidant wines, phenomenon that is accompanied of alterations in the 
organoleptic characteristics that causes consumer reject. This is reflected on economical 
losses by the wine instability and become in a serious trouble to commercialize it (Mármol 
et al., 2009). 
In some cases, red wines require bottle aging to achieve optimal quality (Ferreira et 
al., 2014). During this time, diverse chemical reactions occur, that, depending on certain 
internal factors (concentration of phenolic and volatile compounds, additives, oxygen, 
acidity, pH, microorganisms, minerals) and external factors (temperature, closure, 
luminosity, humidity and bottle), tend to modify the sensory profile of wines (Fulcrand et 
al., 2006; Waterhouse et al., 2006; Jaffré et al., 2009; McRae et al., 2012; Kreitman et al., 
2016).   
Past studies have reported the evaluation of specific physicochemical indicators at 
different aging times (Monagas et al., 2005; Jaffré et al., 2009; Burin et al., 2011; Chira et 
al., 2011; McRae et al., 2012; Marquez et al., 2014; Sáenz-Navajas et al., 2014; Gao et al., 
2015; Avizcuri et al., 2016; Agazzi et al., 2018). In some instances the evolution of phenolic 
compounds were studied by analyzing a wine from particular harvest year after a few months 
of aging and generally observed a decrease of several low molecular weight phenolic 
compounds and anthocyanin (Monagas et al., 2005; Burin et al., 2011; Marquez et al., 2014; 
Avizcuri et al., 2016). Other authors analysed wines from different harvest years, and 
observed that older wines had higher hue values and higher concentration of polymeric 
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pigments, while younger wines had higher concentration of anthocyanins and other phenolic 
compounds (Burin et al., 2011; Chira et al., 2011; McRae et al., 2012). 
In this sense, the aim of our work were to (i) establishment the ecoclimatic 
conditions from Dealu Bujorului vineyard 2018 year of culture, and (ii) determination of 
total content of phenolic, anthocyanin, the hue, color intensity and physicochemical 
characteristic of the Cabernet Sauvignon, Feteasca neagra, Babeasca neagra, Merlot and 
Burgund varieties, (iii) but also how they are influenced by the degree of wine storage and 
the date of the analyzes. For this, samples of wine from 2016 and 2017 years of production 
were analyzed, analyzes were performed regularly to observe evaluation of total content of 
phenolic, anthocyanin, the hue, color intensity. 
         
MATERIAL AND METHODS 
 
Climatic data from Dealu Bujorului vineyard 
 The climate data used in this research was recorded through AgroExpert system at 
RSVE Bujoru and also from weather forecasting center. Based on this data some climatic 
indicators necessary for growth and fructification of the grapevine were determined as 
follow: global thermal balance (Ʃtog) are the sum of all positive daily temperature from 
active period; active thermal balance (Ʃtoa) are the sum of all daily mean temperature ≤ 10 
oC; beneficial thermal balance (Ʃtou) are the sum of all daily mean temperature above < 10 
oC; thermal coefficient (Ct); amount of monthly and annual precipitation; amount of hours 
with sun (Ʃir) and real insolation coefficient (Ci). Ct is given by ration of the overall balance 
(Ʃtog) and number of days from the active period; Ci is given by the ration between the hours 
with sun and the growing season days. Cp is given by the ration between the rainfall from 
the growing season (mm) and the number of days of the growing season (Bora et al., 2016; 
Bora et al., 2018a). In order to get a clearer image about how ecoclimatic conditions from 
Dealu Bujorului vineyard which influence the growth and fructification of grapevine, some 
interactions of climatic factors were calculated: the real Heliothermal index (HIr), the 
hydrothermal coefficient (CH), the bioclimatic vineyard index (Ibv), annual aridity index 
Martonne (Iar-DM) (Martone, 1926), the Huglin index (HI) (Huglin, 1987), oenoclimatic skills 
index (IAOe) and cooling night index (CI). The method after these interactions between 
ecoclimatic factors were calculated was optimized in a previous work (Bora et al., 2016; 
Bora et al., 2018a; Bora et al., 2018b). 
 The Huglin index (HI) is calculated using formula: 
 
HI = Σ (30 September / 1 April) × ½ × [(Tmean - 10)] + [(Tmax - 10)] × d 
 
 In the Northern Hemisphere in the above formula, T = the mean air temperature (ºC), 
Tx = maximum air temperature (ºC), d = length of day coefficient, ranging from 1.02 to 1.06 
between 40º and 50º of latitude. For Romania d is 1.04. 
 Oenoclimatic skills index (IAOe) is used to determine the favorable climate of the 
region and also to determine the synthesis of anthocyanins in the grapes. It was calculated 
using: 
 
IAOe = T + I – (P-250) 
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 In the above formula: T = the amount of active temperature from 01.IV - 30.IX; I = 
amount of hours of insolation in the same period and P = the amount of precipitation in the 
same period.  
 The determination of the cool night index (CI) is done as given further (Tonietto, 
1999): In the Northern Hemisphere: CI = minimum air temperature in the month of 
September (mean of minim), in ºC.  
 The last one is a night coolness variable which takes into account the mean minimum 
night temperature during the month when ripening usually occurs beyond the ripening 
period. The purpose of cool night index is to improve the assessment of the qualitative of 
wine growing regions, notably in relation to secondary metabolites (aromas and 
polyphenols) in grapes. That climatic factor is important as regards grape and wine colour 
and aroma (Kliewer, 1972; Kliewer, 1973; Tomana et al., 1979; Bora et al., 2016). 
Folin-Ciocalteau Assay 
The total phenolic concentration was determined using the Folin Ciocalteu (FC) 
method (Singleton et al., 1999; Girelli et al., 2015). Five milliliters deionized water, 0.5 
milliliter of Folin Ciocalteu reagent, and 2 milliliters of 20 percent (w/v) Na2CO3 solution 
were added to of 0.1 milliliters of wine and diluted to 10.00 milliliters with deionized water. 
After thirty minutes at 40 degree Celsius, the absorbance was measured at 760 nanometers 
vs. a blank containing 0.1 milliliter of water instead of wine samples. The total polyphenols 
content was expressed as gallic acid equivalent (GAE) per liter (y = 9.61 10-4x + 4.9210-3, 
R2 = 0.9992) (Girelli et al., 2015; Bora et al., 2018a). 
Anthocyanin Assay 
The estimation of the total concentration of anthocyanins in wine or grape extracts 
is possible due to the characteristic absorption band of this group of compounds around 520 
nanometers. As the color of anthocyanic pigments exhibits its maximum intensity at 
appropriately pH 1 and is colorless at pH 4.5, an aliquot of each sample was appropriately 
diluted with 10 mL solution (prepared by dissolving 1.49 grams KCl into 100 milliliters 
deionized water, mixed with 67 milliliters of 0.2 molar HCl, adjusted to pH 1.0) and with 10 
mL pH 4.5 buffer (1.64 grams sodium acetate was dissolved in 100 milliliters deionized 
water and adjusted with hydrochloric acid). The absorbance was measured at 700 
nanometers for degradation product correction and at 520 nanometers (maximum of the 
visible spectra) for each wine sample (Bora et al., 2018a). Anthocyanins have an absorption 
band in the 490-550 nanometers region, which is far from the ultraviolet bands of other 
phenolics. The result was calculated as mg equivalent of cyanidin (CE) pe liter using the 
following equation: 
 
Anthocyanins (mg/L) = 
∆𝐴 ×𝐷𝑓 
33.54×10−3 b
 , 
 
where ∆A = [(A520 nm)-(A700 nm)] pH1 - [(A520 nm)-(A700 nm)] pH4.5, Df is the dilution 
factor which depends on the samples, b is 1 centimeter, and 33.54 × 10-3 is the absorptivity 
coefficient of cyanidin (per centimeter per milligram liter). 
Chromatic profile 
The hue was calculated as the ratio between absorbance at 420 nanometers and the 
absorbance at 520 nanometers (Glories 1984a; Bora et al., 2018a). 
Color intensity and hue were determined by calculating the absorbance of the wine 
at 420, 520 and 620 nanometers. The first parameters were calculated by the sum of the 
absorbance at 420, 520 and 620 nanometers (Glories 1984b; Bora et al., 2018a) as follows: 
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Intensity = A420 + A520 + A620 
 
Physical and chemical analysis 
The physical and chemical analysis of wine were performed in the Winemaking 
Laboratory of the RSDVV Bujoru and were applied in accordance to the methods of analysis 
described in the Compendium of International Methods of Analysis of wines and musts 
(O.I.V., 2016), and to the Romanian STAS methods. During this analysis parameters were 
determined: alcohol (% vol.). – was determined using the ebulliometric method STAS 
6182/6-70; residual sugar (g/L) – according STAS 6182/17-81 and the pH level was 
determined using WTW inoLab pH 7110. The next parameters: total phenolic concentration, 
total concentration of anthocyanins, the hue and color intensity were determinate using 
spectrophometric method using Helios Y Spectrophotometer (Thermo Electon 
Corpporation) 
Statistical analysis 
The statistical interpretation of the results was performed using the DUNCAN test, 
using the SPSS, version 24 (SPPS Inc. Chicago, IL, USA). The statistical processing of the 
results was primarily made to calculate the following statistical parameters: arithmetic 
average, standard deviation, average error, using the SPSS version 24 (SPPS Inc. Chicago, 
IL, USA).  
 
RESULTS AND DISCUSSIONS 
 
Study of ecoclimatic conditions 
The ecoclimatic data of the years 2016 and 2017 were presented in previously 
scientific papers (Bora et al., 2016, Bora et al., 2018a). Ecoclimatic data for 2018 are 
presented in Table 1. The duration of the growing season is within its normal limits over 170 
days for the culture of vine (Bora et al., 2016; Bora et al., 2018a), but in 2018 this limit was 
exceeded: were recorded 174.0 days for Dealu Bujorului Vineyard, Bujoru Wine Centre. 
Comparing these values (174.0 days) with the multiannual average (187.8 days) it can be 
observe a decrease of the vegetation period. 
 In this experimental year of 2018 the thermal balance values obtained are higher 
than multiannual average: global thermal balance (Σt°g) was 3560.9°C (3484.0°C 
multiannual average), active thermal balance (Σt°a) was 3526.6°C (3387.5°C multiannual 
average) and beneficial thermal balance (Σt°u) was 1736.6°C (1700.1°C multiannual 
average).  
 In case of thermic coefficient (Ct), average maximum temperature of August and 
average temperatures in the first and second decades of July the obtained values shows an 
increase as against multiannual average.   
Regarding the number of days with a maximum temperature of over 30°C, in 2018 
year was a 51.0 days, there is an decrease comparing these values to multiannual average 
46.2 days. The total amount of hours of insolation in the growing season (mm) and insolation 
coefficient (Ci) have recorded values over multiannual average. The insolation measured by 
number of hours of sunshine was higher than normal in the months during the growing 
season, 1538.0 hours over the normal of 1443.6 hours (multiannual average). Insolation 
coefficient (Ci) recorded value of 8.8 this shows an increase compared to the multiannual 
average (7.69).  
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The precipitation quantity in 2018 was lower (405.4 mm) then average of the last 
ten years (505.7 mm). During the growing season, the recorded precipitations values were 
257.6 mm, much lower than the multiannual average of 291.5 mm for Bujoru Wine Centre. 
In the climatic conditions of 2018, the real Heliothermal index (HIr) values were 
2.67 falling within the limits describe in the scientific literature (1.35 and 2.70), which shows 
an increase in the heliothermal resources and optimal conditions for the ripening of late 
maturing variety (Bora et al., 2016; Bora et al., 2018a). Comparing with the multiannual 
average (2.45) it can be observed that in 2017 this parameter shows an increase. 
The hydrothermal coefficient (CH) it was higher 0.73 compared to the normal limits 
for our country, between 0.7 and 1.8 indicating that the humidity was insufficient, with 
recommendation for irrigation, for both table and wine grapes varieties. The viticultural 
bioclimatic index (Ibcv) with a value 12.10 for 2018 shows the heliothermal resources 
recorded high values due to low hydrous resources for Bujoru wine center (multiannual 
average 10.05). 
The Oenoclimatic suitability (IAOe) had a value of 5057.0 indicating an area with 
favorable conditions for growth of red varieties for wine, and also for the white wines. The 
Martonne aridity index had a value of 19.30 during the growing season, indicating a semiarid 
forest steppe climate. The heliothermal Huglin index provide useful information regarding 
the thermal potential for the culture of grape, both for table and wine, with different periods 
of ripening. Compared to other heliothermal indices, it displays a close link with the sugar 
from the must (Bora et al., 2016; Bora et al., 2018a). The sum of the Huglin index during 
the growing season was 2408.1 (multiannual average was 2286.5). The cooling night index 
(CI) was calculated only for September and the obtained value was 9.9, value that was lower 
that multiannual average 10.40. 
The ecoclimatic conditions of Dealu Bujorului vineyard highlighted the exceptional 
viticultural characters of the Dealu Bujorului vineyard. These characters were found in the 
authenticity and specificity of a wide assortment of wine obtained in the studied area. In this 
context it was expected that, in qualitative terms, the five varieties tested until now present 
a good adaptability and therefore the results of the phenolic maturity indicate the production 
of quality wines. 
Total content of phenolic, anthocyanin and physicochemical characteristics of red 
wines from Dealu Bujorului vineyard 
The concentration of total phenolic compounds in commercially available red wines 
is rarely above 2.5 g/L. Phenolic compounds have long been considered to be basic 
components of wines and over 200 compounds have been identified. Two primary classes 
of phenolic that occur in grapes and also in wine are flavonoids and nonflavonoids (Bora et 
al., 2018b).  
The total phenols (TP) content ranged between 1422.64 GAE L -1 and 3759.13 mg 
GAE L -1 (average 2386.96 GAE L -1), with significant differences among vine varieties. The 
highest concentration was recorded by Feteasca neagra, Cabernet Sauvignon and Burgund 
while Merlot and Babeasca neagra recorded the lowest TP concentration. Several researches 
have also been observed differences in the phenolic content among grape varieties (Frankel 
et al., 1995; Simonetti et al., 1997; Burns et al., 2000; Gougoulias et al., 2010). The 
difference in the content of total phenols depends on several factors such as variety, climatic 
and ecological factors, cultural practices, harvesting method and also wine produce.  
Anthocyanins constitute a very large family of polyphenols in plants and are 
responsible for many of fruit and floral colors observed in nature (Nile et al., 2014), they are 
pigments dissolved in the vacuolar sap of the epidermal tissues of flowers and fruit which 
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impart red, pink, blue or purple colors (Mazza et al., 1993). Grapes are among the fruits 
containing the highest content of phenolic substances, which are partially extracted during 
the winemaking process and brewing (Revilla et al., 2002; Bora et al., 2018b). 
The total anthocyanin content expressed as milligram per liter cyanidin equivalent 
(milligram CE per liter), obtained as the mean of triplicate measurements is reported in Table 
2. A significant difference is observed between the wine varieties, as the anthocyanins were 
significantly lower in Cabernet Sauvignon, Merlot than Feteasca neagra, Babeasca neagra 
and Burgund. Romero-Cascales et al. (2005) reported Cabernet Sauvignon and Merlot wine 
to have significantly lower anthocyanins those other wine varieties. All values, except 
Cabernet Sauvignon (2016), Babeasca neagra (2017-18), Merlot (2017-18) fell within the 
normal range of anthocyanins (200-500 milligrams of cyanidin equivalent per liter).  
The hue value, as published by Ribéreau-Gayon, is between 0.5 and 0.7 for a young 
red wine but increases during aging up to 1.3. Indeed, the hue is bright red with violaceous 
reflections in young wine due to the presence of anthocyanins. In an old red wine, which is 
less acidic due to malolactic fermentation, the hue has an orange reflection due to the number 
of tannins. All values fell within the normal range of hue values.  
Generally color intensity values fall between three and eighteen depending on the 
wine variety (Ribéreau-Gayon et al., 2003; Girelli et al., 2015). The visible region of the 
absorption for the red wines is strongly related to the anthocyanins in the wine. These 
anthocyanins polymerize with tannins and play an important role in the aging of the wine 
(Glories, 1984, Roussis et al., 2008; Philippidis et al., 2017). Therefore the color and its 
stability are of great importance in winemaking. Based on the absorption spectra we 
calculated the values those define red wine color as described by Roussis et al., 2008; 
Philippidis et al., 2017.  
The color parameters obtained as described previously are shown in Table 2. From 
the results shown it appears that the values of color intensity of the wines varieties taken into 
the analysis are in the normal range (8.150 color intensity of the wines average values). 
Higher values were recorded to the wine obtained from Feteasca neagra 2018 production 
year [8.322 ± 0.007 (16 I), 8.320 ± 0.001 (23 I), 8.365 ± 0.011 (30 I), 8.368 ± 0.012 (06 II), 
8.359 ± 0.010 (13 II)]. At the opposite pole it is registered Burgund 2017 production year 
[8.050 ± 0.007 (16 I), 8.061 ± 0.002 (23 I), 8.071 ± 0.022 (30 I), 8.063 ± 0.010 (06 II), 8.066 
± 0.010 (13 II)] which recorded the lowest values.  
Among the variants analyzed there are very significant differences (F = 3.703; p ≤ 
0.000). It can be seen that in this case variety but also the year of culture and analysis data 
had a very significant influence on color intensity of the wines, while the interaction between 
these factors had no impact.  
pH is a fundamental element of the winemaking industry, strongly influences the 
color, oxidation, biological stability and chemical stability. From pH values of 3.0 to 3.4 the 
wine is less oxidized and the color shifts to more red pigments while at pH from 3.6 to 4.0 
the wine is more oxidized and the color has a brownish hue. pH shows values between 3.32 
and 3.62 with an average value of 3.43.  
The residual sugar are small and variable amounts, usually between 5-80 g/L. Dry 
wines contain 2-3 g/L this amount does not endanger the preservation of wine. The amounts 
of 2-5 g/L of sugar, give a smoother taste and easier appreciable density, more than 5 g/L of 
sugar makes the wine to acquire a sweet clean taste, and the presence of sugars makes it 
fragile to microorganisms. The highest sugar concentration was recorded in Cabernet 
Sauvignon and Merlot. 
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Table 1 
Ecoclimatic conditions in Dealu Bujorului 
A
re
a 
Climate conditions 
Multiannual Specific values Vine breakpoints 
2008-2017 2018 
Extreme values  
Min. Max.  
B
u
jo
ru
 V
in
ey
ar
d
 
The vegetation period Days 187.8 174.0 174.0 198.0 150-170 
Thermal balance (°C) 
Global (Σt0g) 3484.0 3560.9 3067.4 3781.5 2700-3600 
Active (Σt0a) 3387.5 3526.6 2949.1 3871.0 2600-3500 
Beneficial (Σt0u) 1700.1 1736.6 1520.3 2031.5 1000-1700 
Thermic Coefficient (Ct) 18.1 20.3 15.6 20.59 16-19 
Minimum absolute air temp. -25.5 -14.0 -25.2 -14.0 - 
Maximum absolute temp. 41.5 33.8 33.8 41.5 - 
Avg. max. temp. August 30.0 31.3 23.9 32.4 - 
Avg. temp. decade I and II June 20.8 22.2 19.6 22.2 - 
No. of days max temp. > 30 46.2 51.0 27.0 71.0 - 
Insolation (hours) 
Real (∑ir) 1893.7 1891.5 1679.1 2096.4 1200-1600 
∑ hours of insolation in the growing season (mm) 1443.6 1538 1332.7 1560.0 - 
Insolation Coefficient (Ci) 7.69 8.8 7.18 8.8 7-9 
Precipitations (mm) 
∑ precipitations in the growing season 291.5 257.6 174.6 415.6 - 
Annual (∑pp) 505.7 405.4 344.1 713.1 500-700 
Precipitation Coefficient (Cp) 1.55 1.48 0.94 2.62 0.9-2.7 
Interaction of climate factors 
Real Heliothermal index(HIr) 2.45 2.67 2.03 3.12 1.35-2.70 
Hydrothermal coefficient (CH) 0.87 0.73 0.59 1.57 0.6-1.8 
Bioclimatic vineyard index (Ibcv) 10.05 12.10 4.93 13.15 4-15 
Oenoclimatic skills index (IAOe) 4791.3 5057 4141.4 5149.1 - 
Annual aridity index Martonne (Iar-DM) 23.91 19.30 15.92 33.79 - 
Heliothermal Huglin index (HI) in the growing season 2286.5 2408.1 2109.0 2880.9 - 
Cooling nights index (CI) 10.36 10.40 9.3 13.6 - 
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Table 2 
 Total content of phenolic, anthocyanin and physicochemical characteristics of red wines from Dealu Bujorului vineyard 
(mean ± standard deviation) 
Variety 
The year 
of culture 
Analysis 
date 
TP 
(mg GAE L -1) 
Anthocyanins  
(mg L -1) 
The hue 
(420 / 520 nm) 
Color intensity  
(420 + 520 + 620 nm) 
pH 
Residual sugar 
(g L-1) 
Alcohol (%) 
Cabernet Sauvignon 
2016 
16 I 2019 
2335.15 ± 12.50 lm ζ 197.39 ± 2.31 l ι 0.722 ± 0.012 
fghijklm αβγδ 
8.212 ± 0.003 ăâbc βγ 3.32 ± 0.02 l γ 7.88 ± 0.48 â βγ 14.43 ± 0.40 
cdefghij δεζ 
2017 2555.96 ± 21.37 j δ 238.47 ± 6.99 î η 0.727 ± 0.011 
aăâbcdefghijk αβ 
8.116 ± 0.002 ef ζ 3.35 ± 0.10 ijkl βγ 10.35 ± 0.85 a α 13.57 ± 0.21 pqrs 
ηθ 
2018 2358.18 ± 7.02 k ε 212.53 ± 2.62 jk θ 0.719 ± 0.005 
ghijklmn βγδ 
8.057 ± 0.008 gh ε 3.42 ± 0.04 
bcdefghijkl αβγ 
6.35 ± 0.38 b γδ 14.86 ± 0.34 ăbcd 
αβγ 
Feteasca Neagra 
2017 3640.03 ± 16.52 â β 349.40 ± 2.37 d δ 0.718 ± 0.007 
hijklmn βγδ 
8.015 ± 0.004 h θ 3.49 ± 0.04 
ăâbcdefg α 
8.69 ± 0.37 ă β 14.89 ± 0.33 ăâbc 
αβ 
2018 3759.13 ± 8.54 a α 367.73 ± 4.36 b γ 0.731 ± 0.008 
abcdefg α 
8.322 ± 0.007 a α 3.45 ± 0.04 
ăâbcdefghij αβ 
3.53 ± 0.97 c ε 14.29 ± 0.21 
efghiîjkl δεζ 
Babeasca neagra 
2017 1764.54 ± 7.14 ș θ 533.05 ± 4.67 ă α 0.728 ± 0.003 
aăâbcdefghij αβ 
8.209 ± 0.005 ăâbc γ 3.39 ± 0.06 fghijkl 
αβγ 
ULD 13.90 ± 0.07 
klmnop ζη 
2018 1344.00 ± 16.98 u ι 523.11 ± 2.01 â β 0.710 ± 0.005 n ζ 8.038 ± 0.016 gh η 3.41 ± 0.02 
defghijkl αβγ 
6.80 ± 0.57 b γδ 13.93 ± 0.08 
klmnop ζη 
Merlot 
2017 2570.97 ± 2.55 î δ 190.33 ± 1.61 mn κ 0.718 ± 0.003 ijklmn 
βγδ 
8.116 ± 0.005 ef ζ 3.48 ± 0.05 
ăâbcdefg α 
6.51 ± 0.85 b δ 13.20 ± 0.28 s θ 
2018 2757.83 ± 9.03 e γ 188.22 ± 3.47 κ 0.732 ± 0.003 abcdef 
α 
8.222 ± 0.010 ăâb β 3.34 ± 0.06 jkl βγ 10.27 ± 0.40 a α 15.14 ± 0.22 ăâ α 
Burgund 
2017 2043.83 ± 8.60 p η 286.63 ± 3.85 h ζ 0.714 ± 0.002 lmn εζ 8.050 ± 0.007 gh εζ 3.41 ± 0.12 
cdefghijkl αβγ 
6.89 ± 0.87 b γδ 14.66 ± 0.53 
âbcdefgh αβγδ 
2018 1751.39 ± 6.71 ș θ 326.35 ± 3.66 f ε 0.726 ± 0.005 
aăâbcdefghijk αβγ 
8.126 ± 0.006 e ζ 3.43 ± 0.03 
ăâbcdefghij αβγ 
0.66 ± 0.27 d ζ 14.12 ± 0.42 
iîjklmno εζη 
Cabernet Sauvignon 
2016 
23 I 2019 
2326.12 ± 12.51 m ε 186.98 ± 1.99 n ι 0.725 ± 0.003 
bcdefghijklm αβ 
8.216 ± 0.001 ăâb γ 3.39 ± 0.03 
efghijkl αβ 
7.70 ± 0.13 â γ 14.48 ± 0.06 
bcdefghiî γ 
2017 2327.13 ± 14.53 m ε 233.85 ± 2.24 î η 0.726 ± 0.002 
ăâbcdefghijk αβ 
8.116 ± 0.003 ef ζ 3.34 ± 0.05 ijkl β 10.39 ± 0.02 a α 13.67 ± 0.19 opqrs ζ 
2018 2175.06 ± 6.07 n ζ 209.84 ± 0.34 jk θ 0.721 ± 0.002 
fghijklm αβ 
8.061 ± 0.008 gh η 3.42 ± 0.03 
âbcdefghijkl αβ 
6.36 ± 0.04 b ζ 14.96 ± 0.07 ăâb β 
Feteasca Neagra 
2017 3468.48 ± 21.06 c β 338.97 ± 5.52 e δ 0.723 ± 0.002 
efghijklm αβ 
8.027 ± 0.008 gh ι 3.43 ± 0.02 
ăâbcdefghij αβ 
8.65 ± 0.06 ă β 14.80 ± 0.22 âbcd 
βγ 
2018 3623.07 ± 15.77 b α 352.78 ± 4.77 cd γ 0.722 ± 0.003 
fghijklm αβ 
8.320 ± 0.001 a α 3.39 ± 0.03 
efghijkl αβ 
3.59 ± 0.10 c η 14.03 ± 0.04 
îjklmnop δε 
Babeasca neagra 
2017 1444.05 ± 9.22 t ι 544.12 ± 3.64 a α 0.714 ± 0.002 mn β 8.201 ± 0.005 âbc δ 3.43 ± 0.02 
ăâbcdefghij αβ 
ULD 13.32 ± 0.17 rs η 
2018 1247.55 ± 5.15 v κ 531.92 ± 0.63 ă β 0.717 ± 0.002 jklmn 
αβ 
8.040 ± 0.005 gh θ 3.44 ± 0.05 
ăâbcdefghij αβ 
6.82 ± 0.07 b δ 13.93 ± 0.08 
klmnop ε 
Merlot 
2017 2736.70 ± 4.11 g γ 206.32 ± 2.14 k θ 0.728 ± 0.004 
aăâbcdefghij α 
8.116 ± 0.004 ef ζ 3.37 ± 0.10 ghijkl 
αβ 
6.52 ± 0.12 b ε 13.19 ± 0.05 s η  
2018 2651.09 ± 15.18 i δ 192.05 ± 1.28 lmn ι  0.727 ± 0.003 
aăâbcdefghijk β 
8.228 ± 0.002 ăâ β 3.45 ± 0.06 
ăâbcdefghij α 
10.32 ± 0.09 a α 15.28 ± 0.04 ă α 
Burgund 
2017 2151.43 ± 6.54 o η 255.29 ± 6.81 i ζ 0.728 ± 0.003 
aăâbcdefghijk α 
8.061 ± 0.002 gh η 3.44 ± 0.05 
ăâbcdefghij αβ 
6.63 ± 0.10 b ε 14.70 ± 0.17 
âbcdefg γ 
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Variety 
The year 
of culture 
Analysis 
date 
TP 
(mg GAE L -1) 
Anthocyanins  
(mg L -1) 
The hue 
(420 / 520 nm) 
Color intensity  
(420 + 520 + 620 nm) 
pH 
Residual sugar 
(g L-1) 
Alcohol (%) 
2018 1857.95 ± 6.14 s θ 296.54 ± 2.01 g ε 0.722 ± 0.019 
fghijklm αβ 
8.140 ± 0.002 de ε 3.42 ± 0.07 
âbcdefghijk αβ 
0.61 ± 0.09 d θ 14.18 ± 0.03 
hiîjklmn δ 
Cabernet Sauvignon 
2016 
30 I 2019 
2337.66 ± 1.89 lm ζ 188.14 ± 2.95 n ι  0.728 ± 0.006 
aăâbcdefghij αβ 
8.224 ± 0.010 ăâb β 3.40 ± 0.03 
defghijkl αβγ 
7.62 ± 0.14 â γ 14.54 ± 0.10 
bcdefghi βγ 
2017 2343.79 ± 4.14 kl ζ 237.70 ± 3.64 î θ 0.724 ± 0.004 
defghijklm αβ 
8.121 ± 0.004 e ε 3.40 ± 0.06 
defghijkl αβγ 
10.36 ± 0.08 a α 13.71 ± 0.17 nopqrs 
ε 
2018 2160.34 ± 5.15 no η 212.72 ± 2.75 jk κ 0.729 ± 0.006 
aăâbcdefghijk αβ 
8.067 ± 0.010 gh ζη 3.43 ± 0.06 
âbcdefghijkl αβγ 
6.43 ± 0.07 b ε 14.80 ± 0.16 âbcd β 
Feteasca Neagra 
2017 3472.17 ± 6.56 c β 338.67 ± 6.78 e ε 0.730 ± 0.006 
abcdefgh αβ 
8.045 ± 0.011 gh θ 3.39 ± 0.03 fghijkl 
αβγ  
8.68 ± 0.02 ă β 14.72 ± 0.11 
âbcdefg βγ 
2018 3653.05 ± 9.77 ăâ α 358.42 ± 5.89 c γ 0.727 ± 0.009 
aăâbcdefghijk αβ 
8.365 ± 0.011 a α 3.39 ± 0.05 ghijkl 
βγ 
3.51 ± 0.05 c ζ 14.52 ± 0.44 
bcdefghi βγ 
Babeasca neagra 
2017 1423.63 ± 4.24 ț ι 540.68 ± 6.36 a α 0.721 ± 0.005 
fghijklmn αβ 
8.220 ± 0.006 ăâ β 3.51 ± 0.10 ăâbcd 
α 
ULD 13.63 ± 0.32 opqrs 
εζ 
2018 1248.40 ± 3.06 v κ 532.04 ± 4.03 ă β 0.720 ± 0.005 
ghijklmn β 
8.050 ± 0.009 gh ηθ 3.51 ± 0.05  
ăâbcde αβ 
6.69 ± 0.10 b ε 13.93 ± 0.05 
klmnop δε 
Merlot 
2017 2746.29 ± 14.14 ef γ 209.94 ± 4.42 jk κ 0.731 ± 0.008 
abcdefg αβ 
8.119 ± 0.005 ef ε 3.32 ± 0.06 kl γ 6.55 ± 0.06 b ε 13.19 ± 0.05 s ζ  
2018 2655.04 ± 6.21 hi ε 190.45 ± 5.02 mn ι 0.737 ± 0.011 aăâ α 8.228 ± 0.010 ăâ β 3.48 ± 0.08 
ăâbcdefg αβ 
10.32 ± 0.81 a α 15.74 ± 0.41 a α 
Burgund 
2017 2151.17 ± 4.38 o η 250.82 ± 4.56  i η 0.730 ± 0.006 
abcdefghi αβ  
8.071 ± 0.022 fg ζ 3.41 ± 0.10 
defghijkl αβγ 
6.65 ± 0.08 b ε 14.56 ± 0.36 
bcdefghi βγ 
2018 1855.21 ± 7.86 s θ 298.91 ± 5.46 g ζ 0.729 ± 0.006 
aăâbcdefghij β 
8.167 ± 0.009 cde γ 3.41 ± 0.04 
defghijkl αβγ 
0.65 ± 0.12 d θ 14.29 ± 0.23 
efghijkl γδ 
Cabernet Sauvignon 
2016 
06 II 
2019 
2349.55 ± 8.99 kl ε 188.33 ± 1.07 n κ 0.725 ± 0.004 
bcdefghijkl βγ 
8.248 ± 0.037 ăâ β 3.44 ± 0.03 
ăâbcdefghij γδ 
7.65 ± 0.04 â γ  14.52 ± 0.02 
bcdefghi βγδ 
2017 2347.60 ± 1.33 kl ε 237.53 ± 2.35 î η 0.730 abcdefgh ± 
0.006 αβ 
8.136 ± 0.010 de δ 3.40 ± 0.02 
defghijkl γδε 
10.40 ± 0.08 a α 13.84 ± 0.08 
lmnopq βγ 
2018 2169.22 ± 5.18 n ζ 213.63 ± 1.42 j θ 0.738 ± 0.004 a α 8.064 ± 0.007 gh ε 3.47 ± 0.05 
ăâbcdefgh βγ 
6.46 ± 0.04 b ε 14.84 ± 0.04 ăâbcd 
βγ 
Feteasca Neagra 
2017 3476.42 ± 4.06 c β 338.31 ± 4.01 e δ 0.730 ± 0.006 
abcdefgh αβ 
8.049 ± 0.004 gh ε 3.38 ± 0.02 ghijkl 
δε 
8.70 ± 0.03 ă β 14.73 ± 0.06 
âbcdefg βγ 
2018 3658.13 ± 1.06 ă α 358.86 ± 2.45 c γ 0.724 ± 0.003 βγ 8.368 ± 0.012 a α 3.40 ± 0.02 
defghijkl γδε 
3.58 ± 0.10 c ζ 14.68 ± 0.12 
âbcdefg βγ 
Babeasca neagra 
2017 1449.64 ± 7.59 t θ 545.22 ± 4.09 a α 0.720 ± 0.006 γ 8.230 ± 0.005 ăâ β 3.52 ± 0.04 aăâbc 
αβ 
ULD 13.78 ± 0.11 
mnopqr δε 
2018 1249.81 ± 2.06 v ι 539.09 ± 2.50 a β 0.730 ± 0.005 
abcdefgh αβ 
8.065 ± 0.008 gh ε 3.54 ± 0.04 aă α 6.70 ± 0.11 b δ 14.25 ± 0.46 
ghiîjklm γδε 
Merlot 
2017 2759.80 ± 2.01 e γ 213.09 ± 2.97 j θ 0.738 ± 0.002 aă α 8.119 ± 0.005 ef δ 3.35 ± 0.04 ijkl ε 6.54 ± 0.05 b ε 13.19 ± 0.05 s ε 
2018 2670.11 ± 13.51 h δ 193.43 ± 1.68 lmn ι 0.738 ± 0.003 aă α 8.225 ± 0.002 ăâb β 3.45 ± 0.03 
ăâbcdefghij γ  
10.41 ± 0.06 a α 15.84 ± 0.09 a α 
Burgund 
2017 2163.27 ± 8.34 no ζ 250.10 ± 2.96 i ζ 0.735 ± 0.007 aăâbcd 
α 
8.063 ± 0.010 gh ε 3.46 ± 0.07 
ăâbcdefghγ 
6.71 ± 0.03 b δ 14.84 ± 0.10 ăâbcd 
βγ 
2018 1859.12 ± 2.99 s η 294.47 ± 2.55 g ε 0.736 ± 0.005 aăâbcd 
α 
8.165 ± 0.003 cde γ 3.43 ± 0.03 
âbcdefghijk γδ 
0.69 ± 0.07 d η 14.94 ± 0.68 ăâb β 
Cabernet Sauvignon 
2016 
13 II 
2019 
2348.94 ± 11.13 kl δ 188.24 ± 2.67 n κ 0.729 ± 0.004 
aăâbcdefghij αβ 
8.261 ± 0.029 ă β 3.43 ± 0.02 
âbcdefghijk βγδε 
7.66 ± 0.15 â γ 14.48 ± 0.20 
bcdefghiî γδ 
2017 2346.66 ± 0.68 kl δ 239.67 ± 2.01 î ζ 0.730 ± 0.005 
abcdefghij αβ 
8.239 ± 0.183 ăâ β 3.46 ± 0.09 
ăâbcdefghi βγδε 
10.48 ± 0.12 a α 13.27 ± 0.30 fghiîjkl 
ζ  
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Variety 
The year 
of culture 
Analysis 
date 
TP 
(mg GAE L -1) 
Anthocyanins  
(mg L -1) 
The hue 
(420 / 520 nm) 
Color intensity  
(420 + 520 + 620 nm) 
pH 
Residual sugar 
(g L-1) 
Alcohol (%) 
2018 2167.96 ± 6.86 no ε 216.72 ± 2.73 j η 0.739 ± 0.003 a α 8.065 ± 0.006 gh δ 3.47 ± 0.01 
ăâbcdefgh βγδ 
6.72 ± 0.11 b δ 14.76 ± 0.19 âbcdef 
βγ 
Feteasca Neagra 
2017 3478.14 ± 5.96 c β 341.13 ± 3.52 e γ 0.735 ± 0.009 aăâbc 
αβ 
8.048 ± 0.009 gh δ 3.41 ± 0.04 
defghijkl γδε 
8.64 ± 0.06 ă β 14.79 ± 0.01 âbcde 
β 
2018 3667.54 ± 11.34 ă α 357.54 ± 5.70 c β 0.727 ± 0.009 
aăâbcdefghijk β 
8.359 ± 0.010 a α 3.35 ± 0.14 ijkl ε  3.54 ± 0.04 c ε 14.55 ± 0.09 
bcdefghi βγδ 
Babeasca neagra 
2017 1422.64 ± 3.84 ț η 543.01 ± 2.90 a α 0.730 ± 0.006 
abcdefghij αβ 
8.225 ± 0.007 ăâb βγ 3.62 ± 0.04 a α ULD 13.63 ± 0.04 opqrs 
εζ 
2018 1256.52 ± 2.03 v θ 540.94 ± 4.34 a α 0.725 ± 0.004 
bcdefghijklm β 
8.063 ± 0.007 gh δ 3.54 ± 0.05 aăâ αβ 6.69 ± 0.11 b δ 13.89 ± 0.10 
klmnop ε 
Merlot 
2017 2783.27 ± 7.79 d β 209.79 ± 3.04 jk θ 0.726 ± 0.002 
bcdefghijkl β 
8.126 ± 0.006 e γδ 3.37 ± 0.02 hijkl 
δε 
6.59 ± 0.10 b δ 13.35 ± 0.18 rs ζ 
2018 2665.52 ± 10.98 hi γ 196.14 ± 1.86 lm ι 0.734 ± 0.005 
aăâbcde αβ 
8.230 ± 0.001 ăâ δ 3.52 ± 0.04 aăâbc 
αβγ 
10.38 ± 0.20 a α 15.69 ± 0.05 a α 
Burgund 
2017 2160.67 ± 5.11 no ε 251.34 ± 4.68 i ε 0.733 ± 0.004 aăâbcd 
αβ 
8.066 ± 0.010 gh δ  3.53 ± 0.05 aăâb 
αβ 
6.76 ± 0.07 b δ 14.74 ± 0.21 
âbcdefg βγ 
2018 1896.27 ± 4.57 r ζ 299.37 ± 2.92 g δ 0.730 ± 0.003 
abcdefghij αβ 
8.175 ± 0.008 bcd βγ 3.51 ± 0.07 
ăâbcdef αβγ 
0.75 ± 0.06 d ζ 14.37 ± 0.08 
defghiîjk δ 
Average 2386.96 306.82 0.727 8.150 3.43 6.18 14.35 
F (Fisher Factor) 18299.070 3445.219  3.703  3.703 3.699 355.132 19.644 
Sig. *** *** *** *** *** *** *** 
Variety Sig. *** *** * *** ** * *** 
Year of culture Sig. ns ** * *** *** ns *** 
Analysis date Sig. ns ns ns ns ns ns ns 
Year of culture x Analysis date Sig. ns ns ns ns ns ns ns 
Year of culture x Analysis date x 
Variety 
Sig. ns ns ns ns ns ns ns 
 
Average value ± standard deviation (n=3). Different letters are significantly different for P ≤ 0.05 between varieties. The difference between any two values, followed by at least one common letter, is insignificant.  
Significance of variety, year of culture, analysis data, and interaction of these factors (Year of culture x Analysis data, Year of culture x Analysis date x Variety) was tested for P ≤ 0.05 (*), P ≤ 0.01 (**), and P ≤ 0.0001 (***). ns 
= insignificant. 
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Regarding the alcohol content of the tested wines, based on the results, we can state 
that the highest alcohol content was recorded at the Merlot variety (15.74 ± 0.41 % vol.), 
followed by Burgund and the lowest alcohol content was recorded to the Babeasca neagra 
and Feteasca neagra and Cabernet Sauvignon varieties. 
 
CONCLUSIONS 
 
The ecoclimatic conditions in the Dealu Bujorului, Bujoru Wine Centre, highlighted 
the exceptional viticultural value as well as the authenticity encountered in the wide variety 
of wines produced in the studied areas. Based on the results regarding the qualitative 
assessment of the tested varieties, they have a very good suitability in the studied areas.  
In case of phenolic content, anthocyanin, hue and color intensity differed among 
vintages, no clear trend was evident. The lack of clear relationship between vintages is most 
likely the product of the complex nature of phenol composition and how it is affected by 
varying climatic conditions between seasons, as well as variation amongst the wines in terms 
of degree of aging.  
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